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The  ability  of thymus  to  restore  the  immune  deficiency produced  by  neonatal 
thymectomy in mice decreases with  the  delay  of treatment  after  thymectomy (1). 
Eventually a state is reached when thymus grafts become ineffective, especially when 
the  animals  develop  the  postthymectomy-wasting syndrome  (2,  3).  These  results 
were interpreted  as indicating that a  population of cells  in the host, capable of re- 
sponding to  the action  of thymus, decreased progressively with  time in absence  of 
thymus  (1).  Under these conditions, and using as model the 45-day old, neonatally 
thymectomized mouse, we have  shown  that  lymphohemopoietic cells  of adult  and 
newborn origin can act in cooperation with thymus function in restoring such a host 
(4). This cooperative effect was observed especially with cells from spleen, lymph node, 
thoracic duct, thymus, bone marrow, or newborn hemopoietic liver (4). The coopera- 
tive effect of the adult or newborn cells was observed whether thymus and thymoma 
grafts or thymus and thymoma within diffusion chambers were used (4). 
The present  report is a  comparison of the cooperative effect of hemopoietic 
cells from newborn or embryonic liver when associated with  thymic function. 
Our results indic3te that while newborn cells are effective when associated with 
humoral activity of the thymus (thymoma grafts or thymus in diffusion cham- 
bers), embryonic ceils are effective only in association with viable free thymus 
grafts. 
Since  we  have  shown  that  hemopoietic liver  cells  are  capable  of  traffic  to 
thymus (5), we interpret  the present results as indicating that a differentiative 
process  including  thymus  traffic  may be  responsible  for  the  development  of 
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the "postthymic" cells present in the newborn and adult tissues that are sensi- 
tive to the humoral activity of the thymus. 
Materials and Methods 
The animals used and the majority of the techniques have been described in a previous 
publication (4, 6). 
The dating of fetal development was based on timed matings of hormonally primed im- 
mature females, with the first day of gestation being counted from the morning after mating 
(8). 
The techniques for intraperitoneal and subcutaneous thymus grafting have been described 
in a previous publication  (3), and thymus grafting under the left kidney capsule was per- 
formed as described by Dukor et al. (7). Thymic lobes were cut in half, and both fragments 
were implanted under the kidney capsule. Thymus graft donors were 20-day old females. 
Cell suspensions of hemopoietic liver from embryos or newborn mice were prepared with 
glass homogenizers  with loose fitting pestles as described in previous publications with cells of 
other sources (2, 3). The whole uteri, each fetus, and then the excised livers were repeatedly 
rinsed in large volumes of ice-cold buffered Ringer's solution to eliminate contamination from 
the mother's blood. 
As in previous papers, diffusion chambers were prepared with MilIipore filters of 0.22 
mean pore size (6), 
The thymomas and restoration criteria of the neonatally thymectomized animals have been 
described in previous publications (1, 4, 6). 
Experimental Design.--The experimental model used was described in a previous paper (4). 
Basically the model consisted of 45-day old, neonatally thymectomized C3Hf mice injected 
intraperitoneally with variable numbers of hemopoietie liver cells from newborn or embryonic 
C3Hf donors and grafted with one of the following types of tissues: (a) strain A thymoma, 
subcutaneous (Table I); (b) C3Hf thymus, subcutaneous, intraperitoneal, or under the kidney 
capsule (Table II); (c)  intraperitoneal  diffusion chambers containing thymus  or thymoma 
(Table III); and  (d)  subcutaneous thymus grafts from allogeneic or hemiallogeneic origin 
(Table IV). In one experiment (Table V), the animals were injected intraperitoneally with the 
combination of dispersed thymus cells and newborn or embryonic liver cells. 
RESULTS 
Table I  shows the attempts to restore 45-day old, neonatally thymectomized 
A  or C3Hf mice with strain A  thymoma in association with hemopoietic liver 
cells from  17-  to  18-day old embryos syngeneic to the host. With cell dosages 
ranging from 20 to 500 )<  106, the embryonic liver cells were ineffective when 
associated  with  the  strain A  thymoma, whether in the  syngeneic (A)  or  al- 
logeneic (C3Hf) combination. The grouped results show 8 of 91  animals of the 
A  strain to be restored and 7 of 80 in the C3Hf groups. These results are es- 
sentially similar to the results obtained with thymoma alone. Within the cell 
dosages tested, embryonic liver cells were ineffective by themselves in producing 
restoration of the thymectomized hosts. On the other hand, when subcutaneous 
thymus grafts were used in the A strain mice in association with syngeneic em- 
bryonic liver cells restoration was observed in 25 of 45 treated animals (55 %) 
as opposed to 5 of 22 (23 %) for the group treated with a subcutaneous thymus 
graft only. 
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TABLE I 
Attempts to  Restore 45-day Old, Neonatally Thymectomized A  or  C3Hf Mice with Strain  A 
Thymoma and Embryonic Liver Cells Syngenelc to the Host 
Treatment*  Number restored per number treated 
Graft  Cells  A strain  C3HI 
×  106  % 
A thymoma  None  4/30  (13)  2/19 
None  20  0/10  0/10 
None  50  0/10  0/12 
None  100  0/10  0/17 
None  200  ND  0/10 
None  400  0/5  0/5 
A thymoma  20  3/37  (8)  1/12 
A thymoma  50  1/19  (5)  1/12 
A thymoma  100  2/14  (14)  2/23 
A thymoma  200  1/12  (8)  1/10 
A thymoma  400  1/9  (11)  1/9 
A thymoma  500  ND  1/14 
A thymus  None  5/22  (23)  ND 
A thymus  50  10/20  (50)  ND 
A thymus  100  15/25  (60)  ND 
% 
(10) 
(8) 
(8) 
(9) 
(10) 
(11) 
(7) 
* Neonatally thymectomized A and C3Hf mice, treatment performed at 45 days of age. 
Grafted with 1 X  106 subcutaneous thymoma cells or a subcutaneous graft  of 20-day old, 
strain A thymus. Cells injected intraperitoneally, simultaneous with grafting. All cell donors 
were 17- to 18-day old, A or C3Hf embryos, syngeneic to the host. 
TABLE II 
Restoration of 45-day Old, Neonatally Thymectomized C3Hf Mice with Syngeneic Thymus Grafts 
in Association with Newborn or Embryonic Syngeneic Hemopoietic Cells* 
Type of thymus graft 
Number restored per number treated 
No cells  Newborn cells  Embryonic cells 
%  %  % 
No graft  0/39  0/16  0/19 
Subcutaneous  3/30  (10)  22/32  (69)  25/38  (66) 
Intraperitoneal  8/30  (26)  8/10  (80)  23/30  (76) 
Under kidney capsule  3/29  (10)  6/12  (50)  11/20  (55) 
* Neonatally thymectomized C3Hf mice, treatment performed at 45 days of age. Thymus 
grafts from 20-day old C3Hf females. Each recipient grafted with one thymus excepted the 
grafts under the kidney capsule that were of only one lobe. The animals were also injected 
with 100 X  106 viable nucleated liver cells derived from less than 24 hr newborn or 17- to 18- 
day old embryos of C3Hf origin. 
C3Hf mice treated with 100 X  106 liver cells from 17- to 18-day old embryos or 
newborn C3Hf  mice  and the  association with  C3Hf  thymus grafts.  Thymus 
grafts were placed either subcutaneously, intraperitoneally, or under the renal 
capsule, and the cells were always injected intraperitoneally. The results indi- 604  STUDIES  ON  THYMUS  FUNCTION.  II 
care  that  both  cell  types,  embryo or  newborn,  were  equally  effective when 
associated with syngeneic thymus grafts, especially when the grafts were placed 
intraperitoneally.  Restoration when  thymus grafts were associated with  cells 
ranged from 50 to 80 %, while thymus grafts alone restored only 10-26 % of the 
animals.  As  in  previous  work,  intraperitoneal  thymus  grafts  were  the  most 
effective restorative  treatment  of the  thymectomized hosts  (3). 
The previous  experiments indicate  that  embryonic hemopoietic liver cells 
can produce  significant  restoration  of thymectomized hosts  when  associated 
with  thymus grafts but  not  with  functional  thymomas, while  newborn  liver 
TABLE III 
Restoration or 45~ay Old, Neonatally  Thymectomized C3ttf Mice with Thymomas  or Thymus 
Within Diffusion Chambers in Association  with Newborn or 
Embryonic Liver Cells of C3Hf Origin 
Thymic function* 
Number restored per number treated 
None  Newborn liver cells  Embryonic liver ceils 
%  %  % 
C3Itf thymus  1/40 (2)  10/31  (32)  1/41  (2) 
5 C3Hf thymii  2/39  (5)  10/30 (30)  1/39 (2) 
A thymus  0/16  5/22  (22)  0/19 
C3I-I thymoma No. 2  0/15  6/28  (21)  0/40 
A thymoma  2/30  (7)  32/70  (46)  2/39  (5) 
Empty chamber  0/12  0/12  0/10 
* Neonatally thymectomized C3Hf mice, treatment performed at 45 days of age. Intraperi- 
toneal implantation of diffusion chambers (lucite rings and Millipore filters 0.22 ~ pore size) 
containing thymus from 20-day old normal donors or 2 X  2 ram. fragments of thymomas. 
Liver cells (100 X  106) were injected intraperitoneally after chamber implantation and were 
derived from newborn or 17- to 18-day old embryos of C3Hf origin. 
cells  produce  equal  restoration  when  associated  with  thymus  or  thymoma 
grafts. 
Table III shows  the  restoration  of 45-day  old,  neonatally  thymectomized 
C3Hf hosts by the association of syngeneic embryonic (17-18-day old) or new- 
born  hemopoietic liver cells  and  thymus  or  thymomas enclosed  within  cell- 
impenetrable diffusion chambers. Thymomas of A  and  C3H origin,  single A 
or C3Hf thymus, and five thymii of C3Hf origin were enlosed in cell-impenetra- 
ble diffusion chambers, prepared with filters of 0.22l~  average pore  size.  We 
have shown in previous experiments that  this type of diffusion chamber can 
be considered cell impenetrable (6). While newborn cells were effective (resto- 
ration ranging from 21  to 46%),  embryonic hempoietic liver cells were com- 
pletely  ineffective  when  associated  with  thymomas  or  thymus  within  cell- 
impenetrable diffusion chambers. 
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cutaneous thymus grafts with  newborn or embryonic (17-18-day old)  C3Hf 
liver cells on the  restoration of 45-day old, neonatally thymectomized C3Hf 
hosts. Restoration with thymus grafts alone ranged from 5 to 8 %. When thymus 
grafts were associated with newborn liver cells restoration ranged from 21  to 
41%. When thymus grafts were associated with embryonic liver cells restoration 
ranged from 16 to 20% and in one combination it was ineffective. These results 
are in contrast with similar experiments performed with the completely syn- 
geneic system (see Tables I  and II) in which restoration usually surpassed 50- 
60%. In a previous report, we have shown that traffic of liver cells to thymus 
TABLE IV 
Restoration of 45-day Old, Neonatally Thymeaomized C3Itf Mice with Allogeneic Subcutaneous 
Thymus Grafts and Newborns or Embryonic Liver Cells of C3ttf Origin 
Thymus grafts* 
Number restored per number treated 
No cells  Newborn liver  Embryonic liver 
%  %  % 
A  1/20  (5)  10/30  (33)  2/16  (16) 
A  --  13/31,  (41)  1/5,  (20) 
C57BL/1  0/12  3/14  (21)  0/4 
CBA/H  1/16 (6)  12/30  (40)  1/5  (20) 
(C3HxA)F1  1/12 (8)  12/30  (40)  2/10  (20) 
(C3HxT6)F1  1/18 (5)  5/20  (25)  1/6  (16) 
* Neonatally thymectomized  C3Hf mice, treatment performed at 45 days of age. Thymus 
grafts from 20-day old female donors, placed subcutaneously. Cells were injected intraperi- 
toneally after thymus grafting and each animal received 100 X 106 viable cells  from newborn 
or 17-18-day  old embryos of C3Hf  origin. 
* 200 X 106 ceils. 
grafts is more effective if cells and graft are syngeneic, indicating  that histo- 
compatibility differences play a role in this type of traffic (5). 
Table V  shows  attempts to  restore 45-day old,  neonatally thymectomized 
C3Hf mice by the intraperitoneal injection of dispersed newborn or 20-day old 
thymus cells in association with newborn or embryonic liver cells or adult bone 
marrow cells.  None of the cell combinations was effective in producing signifi- 
cant restoration of the thymectomized hosts, indicating that synergism between 
thymus and hemopoietic cells (liver or marrow) is not observed in the present 
experimental condition and that a viable thymus graft is essential for the ex- 
pression of the restorative capacities of embryonic and newborn liver. 
In  an attempt to determine the time when hemopoietic liver cells became 
capable of restoring 45-day old, neonatally thymectomized C3Hf animals in 
association with strain A thymoma, experiments were performed using donors of 
ages ranging from 12 days of embryonic life to 10 days after birth. Table VI 
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TABLE  V 
Attempts to Restore 45-day Old, Neonatally Thymectomized C3Hf Mice with Dispersed Syngeneic 
Thymus Cells and Newborn or Embryonic Liver Cells 
Number restored 
Treatment*  Cells  per number 
treated 
X 10~ 
Thymus  50  1/16 
Thymus  100  2/13 
Newborn thymus  50  0/12 
Newborn thymus  100  0/12 
Thymus +  newborn liver  50  +  50  0/14 
Thymus +  newborn liver  50  +  100  0/10 
Thymus +  newborn liver  100  +  100  1/14 
Newborn thymus +  newborn liver  100  +  100  0/16 
Thymus +  embryonic liver  50  +  50  0/13 
Thymus +  embryonic liver  100  +  100  0/9 
Thymus +  adult marrow  100  +  100  2/14 
* Neonatally thymectomized C3Hf mice treated at 45 days of age with intraperitoneal in- 
jection of the cells. Thymus cells from 20-day old females; newborn, less than 24 hr and em- 
bryos were 17-18 days old. 
TABLE  VI 
Attempts to Restore 45-day Old, Neonatally Thymectomized C3itf Mice with Strain A  Thymoma 
and C3ttf Liver Cells of Different Ages 
Treatment* 
Tumor graft  Age of cell donor 
Number restored per number 
treated 
% 
A thymoma  None  2/19  (10) 
A thymoma  12-14  1/13  (7) 
A thymoma  15-16  1/13  (7) 
A thymoma  17-18  1/14  (7) 
A thymoma  19-21  4/14  (28) 
A thymoma  Birth  7/13  (54) 
A thymoma  1  7/13  (54) 
A thymoma  3  6/12  (50) 
A thymoma  6  4/12  (33) 
A thymoma  10  1/13  (7) 
* Neonatally thymectomized C3Hf mice treated at 45 days of age. Subcutaneous injection 
of 1 X  106 tumor cells. Intraperitoneal injection simultaneous with tumor grafting of 50 X  106 
liver cells from C3Hf donors of different ages, ranging from 12-14 embryonic days to 10 days 
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17-18  days were ineffective. Cells from 19 to 21-day old embryos gave some 
degree of restoration (28%)  and liver from newborn, 1, and 3 days after birth 
gave substantial restoration, usually higher than 50 %. Liver cells from 6-day 
old animals were less effective (33 %), and cells from 10-day old animals ineffec- 
tive, as were adult liver cells  (see Table I). This last result appears to be the 
consequence of a  decrease of hemopoietic elements in liver occurring during 
the first week after birth  (9).  The capacity to restore thymectomized animal 
when hemopoietic liver cells are given in association with functional thymomas 
TABLE VII 
Restoration of 45-day Old, Neonatally Thymectomized C3Hf Mic, with C3Hf Thymus G,  arts and 
C3Hf Liver Cells o.f Different Ages 
Treatment* 
Thymus graft  Age of cell donor 
Number restored per 
number treated 
% 
C3Hf thymus  None  3/29  (10) 
C3Hf thymus  10-12  6/13  (46) 
C3Hf thymus  13-14  11/20  (55) 
C3Hf thymus  15-16  7/13  (54) 
C3Hf thymus  17-18  25/38  (66) 
C3Hf thymus  19-21  14/21  (63) 
A thymus  None  1/12  (8) 
A thymus  12-14  2/10  (20) 
A thymus  17-18  2/16  (16) 
A thymus  19-21  3/14  (21) 
* Neonatally thymectomized C3Hf mice treated at 45 days of age. Subcutaneous graft of 
20-day old C3Hf or A thymus and intraperitoneal injection of 50 X  106 liver cells from C3Hf 
donors of different embryonic ages. 
appears shortly before birth and is maintained during the first days after birth 
during the period when the liver is a  major source of hemopoietic elements. 
On  the  other  hand,  when  comparable  experiments  were  performed  using 
thymus grafts in association with hemopoietic embryonic liver of various ages, 
the results were different. Table VII shows that all ages tested, ranging from 
10 to 19 days of embryonation, were equally effective in the cooperative resto- 
ration. 
DISCUSSION 
As in a previous paper (4),  the term "humoral activity" of the thymus will 
be applied to the type of restorative capacity observed with functional thymoma 
grafts and with thymus or thymomas within cell-impenetrable diffusion cham- 
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with viable thymus grafts and is meant to indicate the humoral activity and 
both the cellular traffic of cells to an from tile thymus and the influence of the 
thymic microenvironment that  favors lymphoid differentiation. 
Embryonic liver cells  (17-18-day old)  were unable  to cooperate with syn- 
geneie or allogeneic functional thymoma grafts to produce restoration of 45-day 
old, neonatally thymectomized mice (Table I). This absence of effect was ob- 
served within a wide range of cell dosages (20-500 X  106). In a previous paper, 
and using a similar model, we have shown that newborn hemopoietic liver cells 
are effective in restoring thymectomized animals when associated  with func- 
tional  thymoma grafts  (4).  On  the other hand,  embryonic hemopoietic liver 
cells were as  effective as  were newborn cells when given in  association with 
syngeneic thymus grafts (Tables I  and II). The cooperative effect in producing 
restoration was observed with embryonic liver cells and viable thymus grafts 
placed  either in  subcutaneous  tissue,  intraperitoneally, or  under  the kidney 
capsule. 
The discrepancies between the cooperation of embryonic hemopoietic liver 
cells and thymus grafts as opposed to thymoma grafts suggested that the normal 
thymic stroma and perhaps direct contact within stroma played an important 
role. This idea has been supported by previous work showing the existence of 
a  traffic of hemopoietic liver cells to thymus grafts  (5). Present studies  also 
suggest  that  newborn  hemopoietic  tissues  already  contain  cells  capable  of 
responding to the humoral influence of the thymus. 
To  test  the  possibility  of direct  traffic,  embryonic or  newborn liver cells 
were given in  association with  allogeneic or  syngeneic thymus  or thymomas 
enclosed in  cell-impenetrable diffusion chambers implanted  intraperitoneally 
(Table III). The results showed that as would be predicted from the thymoma 
studies,  newborn  cells  were  effective in  producing  restoration of  neonatally 
thymectomized hosts,  while  embryonic  cells  were  ineffective. These  results 
support the view that a step including direct contact of embryonic hemopoietic 
cells and  thymus  stroma may be involved. 
Since we have shown  that histocompatibility differences are of importance 
in regulating the traffic of hemopoietic liver cells to thymus grafts (5), the next 
set of experiments consisted of the association of embryonic or newborn liver 
cells and allogeneic or hemiallogeneic-free subcutaneous thymus grafts (Table 
IV).  The prediction was that the allogeneic grafts will  exert the humoral ac- 
tivity thus cooperating with the newborn cells,  while they will not allow good 
traffic and produce less effective restoration when associated with  embryonic 
cells.  The results indicate  that  the  assumption  was  correct, since  embryonic 
cells were 50 % less effective than newborn cells when associated with allogeneic 
thymus grafts. Indeed, in one strong H-2 allogeneic difference they seemmed 
to be completely ineffective. 
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of thymus and embryonic hemopoietic cells was tested by combining the liver 
cells  with fully dispersed thymus cells  (Table V).  No cooperative effect was 
observed within the cell dosages tested. These findings support previous work 
indicating the absence of synergism between thymus and bone marrow cells 
(10) or liver cells (11) in the development of thymus-dependent immunities. 
The possibility of a  trephocytic function of the thymocytes (12)  has been 
considered,  but  the  present  experiments  seem  to  indicate  that  embryonic 
hernopoietic liver cells require intact thymus stroma to develop into a popula- 
tion capable of restoring thymectomized hosts. 
The time of appearance in liver of the cells sensitive to the humoral activity 
of the thymus, termed "postthymic" cells in previous papers (4, 13), indicated 
that such cells can be detected as early as the 19th-21st day of embryonafion. 
The number of these cells increases at birth and in the immediate postnatal 
period, while the liver is the major source of hemopoietic elements. To explain 
these  results,  we have  to  accept  the assumption that postthymic cells that 
originated from "prethymic" hemopoiefic precursors are capable of returning 
to the liver, perhaps as part of the process by which the mouse develops the 
adult type of hemopoiesis in marrow  and spleen  (9).  Similarly, we have to 
accept that postthymic cells can return to the adult bone marrow, as shown in 
our previous experiments  (4,  14). The  adult bone marrow  would contain a 
combination of prethymic cells capable of thymus traffic and postthymic cells, 
sensitive to the humoral activity of the thymus, that received already thymic 
influence through  traffic. Using  direct  intrathymic labeling  techniques,  the 
utilization of thymic DNA by bone marrow cells has been demonstrated, sug- 
gesting such traffic patterns (15). 
Hemopoietic fetal liver contains cellular elements capable of thymus repopu- 
lation after lethal irradiation (16) and of producing immunological recovery of 
irradiated hosts (17).  Using injection of embryonic cells of parental type into 
sublethally irradiated Fx hybrids and then retransplanting the tissues of these 
animals into second irradiated hosts, it has been shown that cells present in 
embryonic liver mature within the primary host and can produce graft-versus- 
host reactions when transplanted  to  secondary hosts  (18).  This maturation 
process is thymus dependent, since it does not occur if the primary hosts are 
thymectomized in adult life and then irradiated (19, 20). Thymus grafts but not 
thymus within diffusion chambers were capable of producing maturation of the 
embryonic  liver  cells  in  the  adult  thymectomized-irradiated primary  host 
(21). Similarly, immunological competence is not acquired in vitro by embryonic 
liver cells unless they are cultured in combination with thymus tissue  (22). 
When comparable studies using double transfer technique were employed in 
the adult mouse, bone marrow was the source of these potentially immuno- 
competent cells  (23).  Thymus grafts and thymus within diffusion chambers 
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derived cells  (19,  24).  Embryonic liver also contains precursors of antibody- 
forming cells  (17)  and a  thymus-independent cell population of precursors of 
antibody-producing cells has been described (25). This population can mature 
and respond immunologically in absence of the thymus (26) and may represent 
the population capable of direct traffic to bone marrow observed in our previous 
experiments (5). 
Although using different models, the latter experiments are concordant with 
our present findings. The embryonic liver experiments are compatible with the 
interpretation that only prethymic cells are present in embryonic liver, whereas 
late embryonic or newborn liver and bone marrow contain populations of both 
pre-and postthymic cells. 
From our previous and present studies, it can be postulated that postthymic 
cells are mainly present in lymphoid tissues of newborn and young adult mice, 
while the prethymic cells are mainly present in the hemopoietic tissues of both 
fetal, newborn and young adult mice. Embryonic hemopoietic tissues contain 
only prethymic cells while hemopoietic tissues from newborn and young adult 
mice contain mixtures of both pre- and postthymic cells. 
Whether the results of our studies reflect accurately normal ontogenic de- 
velopment cannot be ascertained from the present experiments. One can only 
conclude that  embryonic liver contains cells  that  are potentially competent 
to restore immune functions of thymectomized animals, and that these cells 
require thymic influence, represented as a viable free thymus graft, for matu- 
ration. 
The notion of the pre-  and postthymic precursors present in the lympho- 
hemopoietic  tissues  of  the  mouse,  the  ontogenic development  of  these  cell 
populations, their different requirements for thymic grafts, and their relative 
sensitivity to humoral function of the thymus may help define thymic function 
under physiological conditions. 
SUMMARY 
Significant  immunological restoration  of  45-day  old,  neonatally thymec- 
tomized C3Hf mice was obtained  by  the  cooperation  of  syngeneic newborn 
or embryonic hemopoietic liver cells with thymic function. Thymic function or 
cells alone are almost ineffective or restore approximately 10 % of the animals. 
Newborn liver cells are effective in association with thymus grafts or humoral 
thymic function (thymoma grafts and thymus or thymomas in diffusion cham- 
bers). Embryonic liver cells are ineffective, even in large numbers, when asso- 
ciated with humoral thymic function. On the other band, embryonic liver cells 
are effective in the cooperative effect only in association with viable thymus 
grafts, preferably syngeneic, whether the grafts were placed subcutaneously, 
intraperitoneally, or under the kidney capsule. Dispersed viable thymic cells 
are  ineffective in association with embryonic liver cells.  Cells  capable  of co- OSIAS  STUTMAN,  EDMOND  J.  YUNIS,  ROBERT  A.  GOOD  611 
operating with humoral thymic function start to appear to embryonic liver by 
day 19-21 of gestation and are detectable until day 5-6 postbirth. Embryonic 
hemopoietic liver cells from 12 to 18 days of gestation contain cells capable of 
cooperation only with viable free thymus grafts and not with humoral thymic 
function. 
A  prethymic cell population of partially differentiated  cells of hemopoietic 
origin,  insensitive  to  humoral  activity  of  the  thymus  but  requiring  thymic 
stroma and traffic through the thymus is postulated to explain our results. This 
population of prethymic cells can become postthymic through this process and 
eventually develop into competent cells. Postthymic cells are characterized by 
their sensitivity to humoral  activity of the  thymus and by their wide distri- 
bution in the lymphohemopoietic tissues of newborn and young adult mice. 
The authors wish to thank M. J. O'Connor, J. M. Smith, A. Hanson, and C. Baker for their 
able assistance. 
BIBLIOGRAPHY 
1.  Stutman, O., E. J. ¥unis, and R. A. Good.  1969. Carcinogen-induced  tumors of 
the thymus. IV. Humoral influences of normal thymus and functional thymomas 
and influence of postthymectomy period on restoration. J. Exp. Med. 130:809. 
2.  Yunis,  E. J., H. R. Hilgard, C. Martinez, and R. A. Good.  1965. Studies  on im- 
munologic reconstitution of thymectomized mice. J. Exp. Med. 121:607. 
3.  Stutman, O., E. J. Yunis, C. Martinez, and R. A. Good.  1967. Reversal of post- 
thymectomy wasting disease in mice by multiple thymus grafts. J. Immunol. 
98:79. 
4.  Stutman, O., E. J. Yunis, and R. A. Good.  1970. Studies  on thymus function. I. 
Cooperative effect of thymic function and lymphohemopoietic cells in restora- 
tion of neonatally thymectomized mice. J. Exp. Med. 132:583. 
5.  Stutman, O., and R. A. Good.  1969. Traffic of hemopoietic cells to the thymus: 
Influence of histocompatibility differences. Exp. Hematol. 19:12. 
6.  Stutman, O., E. J. Yunis,  and R. A. Good.  1969. Carcinogen-induced  tumors of 
the thymus. III. Restoration of neonatally thymectomized mice with thymomas 
in cell-impermeable chambers. J. Nat. Cancer Inst. 43:499. 
7.  Dukor, P., J. F. A. P. Miller,  W. House, and V. Allman. 1965. Regeneration of 
thymus grafts. I. Histological  and cytological  aspects. Transplantation.  3:639. 
8.  Southard, J. L., H. G. Wolfe, and E. S. Russell.  1965. Artificial  insemination of 
dystrophic mice with mixtures of spermatozoa. Nature  (London). 208:1126. 
9.  Rugh, R. 1968. The Mouse, Its Reproduction and Development. Burgess  Publish- 
ing Company, Minneapolis.  262. 
10.  Stutman, O., and R. A. Good.  1969. Absence of synergism between thymus and 
bone marrow in graft-versus-host reactions.  Proc. Soc. Exp. Biol. Med. 130:848. 
11.  Tyan, M. L.  1969. Fetal liver and adult thymus cells: absence of synergism in 
graft-versus-host reactions.  Proc. Soc. Exp. Biol. Med. 139.:1183. 
12.  Yunis, E. J., C. Martinez, J. Smith, and R. A.  Good.  1964. Facilitation of host 612  STUDIES ON  THYMUS FUNCTION. II 
lymphoid tissue development in neonatally thymectomized mice by injection of 
allogeneic dispersed thymus cells. Nature  (London). 204:850. 
13.  Stutman, O., E. J. Yunis, and R. A. Good. 1969. Thymus: an essential  factor in 
lymphoid repopulation.  Transplant. Proc. 1:614. 
14.  Stutman,  O.,  E. J. Yunis, and R. A. Good.  1969. Reversal of post-thymectomy 
wasting in mice with immuno-competent cells:  Influence of histocompatibility 
differences.  J. [mmunol. 102:87. 
15.  Linna,  T.  J.  1967.  Transport  of  tritium-labelled  DNA  from  thymus  to  other 
lymphoid organs in rabbits under normal conditions and after administration 
of endotoxin. Int. Arch. Allergy Appl. Immunol.  31:313. 
16.  Taylor, R. B. 1965. Pluripotential stem cells in mouse embryo liver. Brit. J. Exp. 
Pathol. 46:376. 
17.  Doria, G., J. W.  Goodman, N.  Gengozian, and C. C. Comgdon. 1962. Immuno- 
logic study of antibody-forming cells in mouse radiation chimeras. J. Irnmunol. 
88:20. 
18.  Tyan,  M.  L.,  and  L.  J.  Cole.  1963.  Mouse  fetal  liver  and  thymus: potential 
source of immunologically active cells. Transplantation. 1:347. 
19.  Cross, A. M., E. Leuchars, and J. F. A. P. Miller.  1964. Studies on the recovery 
of the immune response in irradiated  mice thymectomized in adult life, J. Exp. 
Med. 119:837. 
20.  Tyan, M.  L.  1964. Thymus: Role in maturation  of  fetal  lymphoid precursors. 
Science (Washington). 145:934. 
21.  Tyan, M. L., and L. J.  Cole.  1966. Further  observations on potential  immuno- 
logically competent cells of fetal liver origin.  Transplantation. 4:557. 
22.  Umiel,  T.,  A.  Globerson,  and  R.  Auerbach.  1968. Role  of  the  thymus  in  the 
development of immunocompetence of embryonic liver cells  in vitro. Proc. Soc. 
Exp. Biol. Med. 129:598. 
23.  Tyan, M. L., and L. J. Cole.  1965. Bone marrow as the major source of potential 
immunologieally competent cells in the adult mouse. Nature (London). 2138:1223. 
24.  Miller, J. F. A. P., E. Leuchars, A. M. Cross,  and P. Dukor. 1964. Immunologic 
role of the thymus in radiation chimeras. Ann. N.Y. Acad. Sci. 120:205. 
25.  Tyan,  M.  L.,  and  L.  A.  Herzenberg.  1968.  Immunoglobulin  production  by 
embryonic tissues: Thymus independent. Proc. Soc. Exp. Biol. Med. 128:952. 
26.  Tyan, M.  L., L. A. Herzenberg, and P.  R.  Gibbs.  1969. Lymphoid precursors: 
thymus independent antibody production. J. Immunol.  103:128~ 